INTRODUCTION
The development and evaluation of in-plane shear test methods for the determination of shear modulus and strength has received considerable experimental and analytical attention from the composite materials industry, [1] [2] [3] [4] [5] . and Pindera et al. [ 11, 16] , prescribed vertical displacement loading conditions were used but different types of constraints (hinges, u=v=0, and rollers, v=0) were applied to the stationary part of the specimen-fixture contact regions. Furthermore, the same loading condition was applied to the 0°and 90°specimens [11, 16] .
The objective of this study is to conduct a linear-elastic finite element analysis of the modified Iosipescu shear specimen using a more realistic method of modeling the load transfer between the fixture and specimen and the displacement conditions at the specimen/fixture interface. The analysis is based upon an iterative scheme without any bias on the load distribution into the specimen. The reaction force distribution along the fixture-to-specimen contact region, the strain state in the specimen and the shear modulus correction factors are evaluated. Three fiber orientations ( 0°, 90°and 00/90°) are used in the analysis along with three materials having different orthotropic ratios (typical values of graphite-, Kevlar-and glass-epoxy).
FINITE ELEMENT MODELS
In the modified losipescu shear test, the left end section of the specimen is clamped into the stationary part of the fixture and the right end section of the specimen is clamped into the movable part of the fixture, see Fig. 2a . Assuming that the clamping process does not introduce any significant strains in the specimen, load is transferred only from the fixture to the specimen along the upper fixture-to-specimen contact region of the movable portion of the fixture. The lower fixture-to-specimen contact region of the movable portion of the fixture cannot "pull" on the specimen because it is not mechanically attached to the specimen. That is, tensile forces cannot be applied along the lower edge of the specimen by the fixture. However, a reaction force is developed between the specimen and fixture along the lower edge of the movable part of the fixture because the lower contact region of the fixture prohibits rotation of the specimen keeping the upper and lower surfaces parallel and horizontal, as depicted in Fig. 3 .
Local in-plane bending of the specimen occurs as load is applied to the specimen, as depicted in Fig. 3b . Along the outboard region of the upper fixture-to-specimen contact region and along the inboard region of the lower fixture-to-specimen contact region (movable portion of the fixture), the specimen can progressively separate from the fixture as a function of the applied load, see Fig. 3b , reducing the length of the contact region. A similar set of deformations occurs on the fixed portion of the specimen.
In this study, the distance from the notch axis to the inner most load point was 7.0mm. The mechanical properties of the three materials are presented in Table 1 . The finite element model had 1468 membrane finite elements, see Fig. 4 . Close to the notch root, the elements are refined such that the reduction of strains to near zero at the free boundary are achieved. Prescribed displacements, v=5= -0.05mm, were applied to the 3 fixture-to-specimen contact regionson themovablepart of thefixture. TheABAQUS andPATRAN codeswereusedfor calculations andpre-,postprocessing, respectively.
The sequence of stepsfor applicationof boundaryconditionsandapplied displacements in this studyareasfollows:
1. Displacement constraints(v=0 or u=v=0)to eliminaterigid bodymotionof the specimenareappliedalongthefixture-to-specimen contactregionon the stationary(left) part of thespecimen,seeFig. 5.
2. Uniformly applieddisplacements areappliedalongthefixture-to-specimen contact regionon the movable (right) part of the specimen, see Fig. 5 .
3.
Reaction forces are calculated at the nodes where the applied and constrained displacements are introduced. Displacements along the fixture-to-specimen contact region are also calculated.
4.
If any reaction force were tensile or if the specimen interfered with the fixture (displacement interference) then the displacement constraint or the applied displacement is changed or removed from that finite element node.
5.
The analysis is performed with an updated set of applied displacements and boundary condition and the process is repeated starting with step 3 until convergence occurs.
6.
When convergence occurs the load applied to the specimen is the sum of the reaction forces on the movable (right) portion of the specimen. The shear strain contours of the 0% 90°and 00/90°graphite-epoxy specimens are shown in Fig. 10 
RESULTS

AND DISCUSSION
Force
Fixture-to-specimencontactregion
In the 0°specimen, _y is largest at the inner most contact region and decreases radially from the innem_ost contact region into the test section, Fig. 1 
Notch region
Ideally, the specimen should fail in shear at the minimum cross section so that the notches should not provide any stress raising effect. Experimental observations [7, 15] indicate that the ideal condition is not achieved and that the failure locations for the 0°a shear strain, ')'avg, between the notch tips. The average shear strain, _age, can be analytically determined by averaging the shear strain over an area that would be covered by a strain gage. The correction factor and correct shear modulus are calculated by
Gxy
where h is the distance between two notch tips and G* is the apparent shear modulus (gavg/_gage).
A comparison of shear strain distributions along the notch axis normalized with respect to the average shear strains for 0°, 90°and 00/90°graphite-epoxy, Kevlarepoxy and glass-epoxy specimens is shown in Fig. 13 . The corresponding correction factors are shown in Fig. 13 The W2 fixture has load points which are farther away from the notch axis as compared to those of the W1 fixture, and the induced transverse normal strains in the gage section for the 0°specimen are smaller. Hence it might be suggested that if the fixture were redesigned such that the load points were even farther away from the notch axis, a better shear distribution might be obtained along the notch axis for the 0°s pecimen. However, to obtain shear force P in the test section, the equivalent concentrated load, as shown in Fig. 17a , is Pa/(a-b) and Pb/(a-b) for the inner and outer load pairs, respectively. If the Ioad points are located as shown in Fig. 17b , where b is large, the equivalent concentrated forces for the inner force couple are about twice the magnitude of those in Fig. 17a and the equivalent concentrated forces for the outer force couple are about six times larger in magnitude than those in Fig. 17a •i_--...... 
